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Several recent trials have shown a reduction in 
long-term stroke rates for patients with sympto- 
matic carotid stenosis treated surgically. ~a How- 
ever, carotid endarterectomy carries a 2% to 8% 
perioperative stroke rate ~4 caused mainly by em- 
bolization during dissection and vessel manipulation 
and postoperative thrombosis or embolization. In- 
tracerebral hemorrhage is a much less common sql 
but potentially devastating complication after carotid 
endarterectomy. The clinical risk factors for intra- 
cerebral hemorrhage after carotid endarterectomy 
are not fully known, although recent stroke and 
severe cerebral occlusive disease are common in 
such patients. Previous authors ~a2 have suggested 
that intracerebral hemorrhage in some settings 
may be a manifestation of the hyperperfusion syn- 
drome. However, intracranial hemorrhage within a 
few days of carotid endarterectomy may also be re- 
lated to the presence of hypertension ~a or anticoagu- 
lant use .  9 
Herein, we report a patient with hypertension 
who died of an ipsilateral intracranial hemorrhage 
after endarterectomy for high-grade symptomatic 
carotid stenosis. Autopsy examination of the brain 
showed changes similar to those seen in malignant 
hypertension i  the affected hemisphere, suggesting 
that relative hyperperfusion and hemodynamic forces 
were possibly responsible for the hemorrhage in this 
patient. 
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CASE REPORT 
At the age of  65 years this woman, a smoker with 
long-standing hypertension and hyperlipidemia, pre- 
sented with left-sided weakness that completely 
resolved. Cerebral angiography showed an occluded 
right internal carotid artery, an occluded right 
vertebral artery, and 75% stenosis of the left internal 
carotid artery. Collateralization was seen via the right 
posterior communicator and left to right from the left 
carotid circulation. The patient refused surgical 
intervention and was treated with 325 mg aspirin 
daily. She remained relatively free of any neurologic 
symptoms for the next 3 years. Her blood pressure 
during this period was generally less than 160/80 mm 
Hg with triple antihypertensive drug therapy, but she 
continued to smoke. 
At the age of 69 years she was admitted with a 
right-sided hemiparesis and aphasia caused by a new 
left parietooccipital infarct. With conservative treat- 
ment the patient recovered and within 3 months 
was ambulatory and had minimal right upper limb 
weakness. Approximately 4 months later she began 
having intermittent weakness of the right upper limb 
lasting for 5 to 10 minutes two to three times a week 
in spite of aspirin therapy. Warfarin anticoagutation 
was not attempted, because the patient had repeat- 
edly documented gastrointestinal blood loss for 
which she refused investigation. Repeat cerebral 
angiography showed that the left carotid internal 
stenosis had progressed to near occlusion (Fig. 1). 
With the patient under general anesthesia by use 
of an intraoperative shunt, a left internal carotid 
endarterectomy was performed. A total of 5000 U 
heparin was given at the start of the procedure, and 
1000 U was given again after 1 hour. Intraoperative 
blood pressure averaged 160/70 mm Hg. The 
operation and the recovery period were uneventful. 
Aspirin was restarted on the first postoperative day. 
Hypertension was managed on the first two postop- 
erative days with 10 mg enalapril twice daily, and the 
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Fig. 1. Left carotid angiogram of patient shows near total 
occlusion of internal carotid artew. 
mean blood pressure was 160/80 mm Hg. By the 
third day, the patient was ambulatory and was dis- 
charged home receiving her usual antihypertensive 
medications. She did not have headache or display 
any signs of irritability. Twenty hours after discharge 
and after a heated argument with a family member, 
she had sudden intense headache and right-sided 
paralysis. Blood pressure at the time of admission was 
150/70 mm Hg. Computed tomography of the head 
showed aleft basal ganglia bleed with some extension 
into the left lateral ventricle (Fig. 2). Angiography 
showed a widely patent left internal carotid arteH. 
Hypertension was easily controlled with 10 mg 
enalapril twice daily and 5 mg amlodipine once daily. 
Three days later she suddenly became comatose, and 
computed axial tomography scanning showed an 
extension of the cerebral bleed with massive cerebral 
edema. She died 1 day later. 
Pathologic findings. The brain was markedly 
edematous and asymmetric with the left hemisphere 
moderately enlarged. The brain was cut horizontally 
and showed an 8 cm diameter hemorrhage affecting 
the centrum semiovale almost o the cortex, the pos- 
terior putamen, globus pallidus, and lateral internal 
capsule, sparing the thalamus and caudate nucleus. 
Edema and marked shift of structures from left to 
right with a narrowed left lateral ventricle were seen. 
The hemorrhage extended into the lateral and third 
ventricle. Widening of the ports and medulla was 
seen, but no Duret's hemorrhage had occurred. 
Microscopic sections about he hemorrhage r vealed 
disruption and fibrin exudation in the vessel wall 
(fibrinoid necrosis) of the edematous but nonin- 
farcted white matter surrounding the hemorrhage. 
Some vessels with fibrinoid necrosis contained fibrin 
thrombi (Figure 3). In neither the right nor the left 
basal ganglia did the blood vessels show hyaliniza- 
tion, thickening, and fibrosis, which are usually seen 
in patients with chronic hypertension. Old cortical 
white matter infarcts were present away from the area 
of the hemorrhage. 
DISCUSSION 
This case highlights the danger of intracerebral 
hemorrhage after carotid endarterectomy following 
an uneventful postoperative p riod. Our patient had 
several risk factors for intracerebral hemorrhage 
including hypertension, severe cerebral occlusive 
disease, and possible hyperperfusion. Because her 
blood pressure was easily controlled after the opera- 
tion, relative hyperperfusion with consequent ipsilat- 
eral fibrinoid necrosis, vessel wall damage, and 
intracranial hemorrhage may have contributed to the 
patient's demise. 
Incidence. Fortunately, intracerebral hemor- 
rhage is an uncommon complication of carotid en- 
darterectomy with reported incidence rates of 0.4% 
to 2% (Table I). In the largest series of 3062 consecu- 
tive endarterectomies 7 in which this complication 
was reported in detail, 66 (2.2%) strokes occurred 
after operation, of which only 12 (0.4%) were hem- 
orrhagic in nature. In another study of 2362 pa- 
tients, 9 14 (0.6%) patients had intracerebral hemor- 
rhage. The prognosis for these patients is poor, with 
mortality rates of 30% to 80%, and survivors have 
significant morbidity (Table II). 
Risk factors. Intracerebral hemorrhage after 
carotid endarterectomy has been associated with 
recent cerebral infarction, 1~'~4 the presence of hy- 
pertension, anticoagulant use, hyperperfusion syn- 
drome, and the presence of high-grade carotid 
stenosis. However, it is likely that several factors may 
be operative in an individual patient, and in our 
patient severe occlusive disease, hypertension, and 
possibly hyperperfhsion were contributing factors. 
Early case series uggested that it was inadvisable 
to perform carotid endarterectomy within a few days 
of an ischemic stroke. In 1963 Bruetman et al.~l 
described the clinical course of six patients who had 
ipsilateral intracranial hemorrhage after carotid end- 
arterectomy. These patients with stroke had several 
features in common: (1) operation in close temporal 
proximity to angiography, (2) an initial stable 
postoperative period, and (3) bleeding into previ- 
ously infarcted brain tissue. Furthermore all of these 
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Fig. 2. Head computed axial tomography scan of patient shows left basal ganglia hemorrhage 
with some xtension into ventricles. 
Fig. 3. ~rte~ from basal ganglia on side of hemorrhage shows fibrinoid necrosis suggestive 
of malignant hypertension (Hematoxylin-eosin tain, original magnification • 400.) 
patients had evidence of stenosis in multiple cerebral 
vessels. Wylie et al. 14 reported similar findings in five 
patients undergoing carotid endarterectomy who had 
a completed recent ischemic stroke. This author also 
recommended against carotid endarterectomy within 
a few days after cerebral infarction. In our patient 
cerebral hemorrhage occurred into a previously 
normal section of the brain and was away from the 
previous infarcted brain tissue. 
However, even if operation is delayed for several 
weeks after cerebral infarction, intracranial hemor- 
rhage can still occur, and hypertension may be an 
important etiologic factor.~3"~ s Hypertension is com- 
mon in the postoperative period in patients under- 
going carotid endarterectomy is and is associated 
with neurologic deterioration. In one large-series s 
80% of subjects (4 of 5) whose carotid endar- 
terectomy was complicated by intracranial hemor- 
rhage had hypertension compared with 4% (9 of 
228) of those who did not. Bruetman et al. n and 
others 13 have suggested that aggressive blood pres- 
sure reduction may reduce the incidence of this 
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Table I. Reported incidence of intracerebral hemorrhage after carotid endarterectomy 
Author (reference) No. of subjects No. of hemorrhages Incidence (%) 
Reith 6 328 2 0.6 
Piepgras 9 2362 14 0.6 
Jansen s 233 5 2.0 
Solomon 1~ 1930 8 0.4 
Bruetman 11 900 6 0.6 
Riles 7 3062 12 0.4 
Schroeder 19 662 8 1.2 
Table II. Summary of patients reported in detail with intracerebral hemorrhage after 
carotid endarterectomy 
Study reference No. of patients Mean age (yr) Male~female Time of onset (days) Outcome 
12 1 56 1/0 6 Died 
5 5 NA NA 8 3 died 
19 8 54 4/4 4.4 4 died 
8 11 65 5/6 3.5 4 died 
6 2 61 1/1 1 1 died 
18 1 64 0/1 2 hrs recovered 
9 14 69 7/7 5 8 died 
10 8 64 3/5 3.5 5 died 
NA, Not reported. 
complication. Nevertheless hypertension cannot be 
the sole causative factor, because subjects with 
normotension may also have intracranial hemorrhage 
after undergoing endarterectomy. 7'8"~2 In such pa- 
tients restoration of normal perfusion to the affected 
hemisphere may be sufficient o cause intracranial 
hemorrhage. 
The role of hyperperfusion 5"12'162~ in the cause 
of postcarotid endarterectomy intracerebral hemor- 
rhage remains to be fully defined, but it may be a 
contributing factor in many cases. Hyperperfusion as
described originally by Spetzler et al.~6 was suggested 
to cause intracerebral hemorrhage in patients with 
vascular malformations who underwent operation. A
similar situation may occur in the setting of severe 
cerebral occlusive disease with poor collateral flow. 
The resulting cerebral oligemia causes maximal 
vasodilatation of vessels distal to the stenosis and 
consequent paralysis of autoregulation. Sudden re- 
opening of the diseased vessel results in relative 
hyperperfusion, because the distal vessels that are 
maximally vasodilated cannot readily constrict. The 
increased blood flow (by as much as 200% in some 
cases) causes relative hyperperfusion and probably 
endothelial damage, vessel disruption, and possible 
hemorrhage. The presence of hypertension and anti- 
coagulation may aggravate this situation. A constel- 
lation of symptoms has been associated with the hy- 
perperfusion syndrome including ipsilateral head- 
ache, irritability, seizures, and possibly intracerebral 
hemorrhage. In our case if hyperperfusion was a ma- 
jor contributing factor, then it would have occurred 
unheralded by any other symptoms apart from the 
hemorrhage. 
Bernstein et al) 2 reported aman with normoten- 
sion and asymptomatic high-grade left internal ca- 
rotid stenosis. Twenty-four hours after endarterec- 
tomy he had left-sided headache, convulsions on the 
first postoperative day, and on the sixth day a fatal eft 
hemispheric intracerebral hemorrhage. Autopsy ex- 
amination revealed histologic changes consistent 
with malignant hypertension in the hemisphere 
ipsilateral side to operation, similar to those seen in 
our patient. The authors uggested that hyperperfu- 
sion was the underlying cause of the intracerebral 
hemorrhage. This case is very similar to that de- 
scribed here except hat the intracranial hemorrhage 
occurred in our patient unheralded by any other 
symptoms and perhaps raises doubt about the 
presence of hyperperfusion. Histologic examination 
in both cases, however, revealed vessel wall necrosis 
with fibrinoid exudation consistent with localized 
malignant hypertension (Fig. 3). Although it is 
possible that these histologic findings may be due to 
ischemia or the presence of the hemorrhage, their 
presence was away from the hemorrhage and the 
infarcted brain tissue. However, in one histologic 
study of four fatal cases of intracranial hemorrhage 
after carotid endarterectomy, these histologic find- 
ings could not be demonstratedJ 9 
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The onset of the intracerebral bleeding in this 
patient occurred within 2 days of  surgery. Review of  
all cases reported in detail in the literature revealed a
range of onset of intracerebral hemorrhage from just 
after operation to 17 days after operation with a mean 
onset time of  4 to 5 days. This finding suggests that 
the first few postoperative days are the high-risk 
period for this complication. Therefore antihyperten- 
sive therapy should probably be aggressive during 
this time, and anticoagulation should be less intense 
in patients at high risk. Furthermore patients with 
any symptoms possibly caused by hyperperfusion 
should be monitored in the hospital until their 
symptoms resolve. 
Some studies have attempted to predict patients 
at risk for intracranial hemorrhage after a carotid 
procedure. The main tool used has been intraopera- 
tive transcranial Doppler monitoring, 5 18,2~ which can 
assess cerebral blood flow noninvasively. For ex- 
ample, in one prospective study of 233 consecutive 
carotid endarterectomies, 5 five subjects had an ipsi- 
lateral intracranial hemorrhage. An increase of  peak 
blood flow velocity ___ 175% after unclamping pre- 
dicted intracranial hemorrhage more accurately than 
the presence of hypertension or headache after 
operation. However, the role of such monitoring in 
patient care remains to be clearly defined. 
CONCLUSIONS 
This fatal case of  intracranial hemorrhage after 
carotid endarterectomy had several risk factors in- 
cluding hypertension, severe multiple cerebral vessel 
disease, and possible hyperperfusion based on the 
finding of histologic changes reminiscent of malig- 
nant hypertension. Although no reliable method to 
identify patients at high risk exists the clinical history 
and studies of  cerebral blood flow with noninvasive 
transcranial Doppler scanning may help to identify 
such patients .for intracranial hemorrhage after ca- 
rotid endarterectomy. Such identification should 
allow tighter blood pressure control after the opera- 
tion, care with the use of  anticoagulants, and 
attention to early symptoms and signs of hyperper- 
fusion in the postoperative period. 
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